Schapery and Christensen's models of viscoelastic fracture have been adapted to describe the phenomenon of transverse cracking in composites. In a second stage, the application of both models to a known composite allowed to determine the size of the "failure zone", which is one of key parameters in Schapery's model.
Introduction
Although the viscoelastic behaviour of organic-matrix composites is a well-known phenomenon, it is rarely taken into account in industrial calculations. This type of behaviour may however provide a likely explanation for transverse cracks propagating at a finite speed in 90°plies subjected to a constant (creep) load. We have concentrated on this precise problem, which has been little investigated despite its obvious practical importance. Several theoretical viscoelastic fracture models do exist for isotropic materials, but only one of them seems to have been actually correlated with experimental results and extended -at least partially-to the case of an orthotropic material. This model, which was developped by R.A. Schapery [1] [2] [3] , is quite straightforward to use, except for the fact that it involves a certain quantity O'm 11 about which no data is available and that cannot be determined easily, whether by theoretical or experimental means. The main goal of the present work is to make the above model more usable to describe the growth of a crack in a composite. Throughout this study, we consider a strip of unidirectional material that occupies the volume: -L < x < +L , -h :::; y :::; +h, -el2 :::; z :::; el2, with Llh » 1 and Lie» 1 (strip of "infinite" length, e thickness and 2h height). The crack propagates in the y = O-plane along direction "t(parallel to the fibers), a fixed displacement, parallel to direction Y;, being applied to both ends y =±h.
I. Schapery's model
Schapery's theory uses the concept of a "failure zone", located near the crack tip, and in which the material is already damaged without being actually fractured yet, and which exerts on the adjoining, viscoelastic material-which is supposed to be linearly viscoelastic-an unknown stress field 0'ix,O) =ac<x). The length <X. of this "failure zone" depends on both the stress field ac<x) and the elastic stress intensity factor K 1 corresponding to the macroscopic creep load to which the material is subjected:
where am is the maximum value of ac<x) and 11 is an integral characterizing the shape of the related stress distribution [1] . The displacement field at the boundary between the failure zone v and the undamaged material depends on a certain creep function K2/t), which can be expressed from the undamaged, orthotropic viscoelastic compliances Sll' S22' S12 and S66· The fracture criterion used by Schapery is based on the amount of work exerted by the stress field crlx) to fracture the material at a given point of the failure zone. This work is then assumed to be equal to the surface fracture energy 2r. Thus, after a few approximations, Schapery obtains [2] an equation that relates the crack propagation speed ato F, cr mI1 and the stress intensity factor K 1 :
is the inverse function of 1(;2.
(2)
II. Christensen's model
Christensen's theory uses a classical, global -i.e., written for the whole strip of material-energy balance criterion, in which a viscoelastic dissipation term is incorporated. Here, the main difficulty lies in assessing this term, which requires a good knowledge of the stress-field near the crack-tip. Using an approximate expression of this stress-field, we extended the dissipation expression to the case of an orthotropic material. This expression, which involves the viscoelastic parameters of the material, the boundary conditions of the problem and the crack speed a, was then substituted into the energy balance criterion, leading to a rather complex relation between all the quantities of interest, from which it proves impossible to derive an analytical expression for a, at least without some further approximation. However, if we suppose ato be quite low (a~0), which is indeed the case, then, using an approach similar to that of [4] , it can be shown that: 
III. Confrontation of the two models: application to the case of T300/934
Due to the difficulty of obtaining numerical values for some parameters, namely that of a or crmI1, Schapery's and Christensen's models have remained relatively unexploited.
Moreover, these theories have been mainly used to describe the fracture of isotropic materials, more specifically polymers, the only significant exception being an application of Schapery's theory to the case of pine wood [3] . Frassine and Pavan [5] also used Christensen's theory to describe the fracture of an epoxy resin, obtaining some very interesting results that justify the idea of extending it to the case of transverse cracking in epoxy-matrix laminates, since, as was already mentioned, it is the matrix, rather than the fibers, that is primarily concerned by this fracture mode. Thus, a number of numerical simulations have been run, using as test-material a graphite-epoxy composite of common use in the aeronautic industry, T300/934, whose viscoelastic characteristics can be found in [6] . Concerning Christensen's theory, the only useful results were the asymptotic curves corresponding to very low crack speeds: a---7 O. Calculations for both models have been conducted, even taking into account the influence of temperature on the material compliances [6] . For the material surface fracture energy, we used r= 70 J/m2, an approximate value given by Wang [7] . As already mentioned, the main difficulty in applying Schapery's model stems from the fact that the value of O'mIl is actually unknown, though obviously less than the fracture stress o, =51 MPa. In his study on the fracture of solithane [1] , Schapery himself fixes this parameter so as to obtain the optimal agreement between his theory an experimental results. Given the lack of such experimental data in this case, we chose the value of O'mIl that gives the best agreement between Schapery's theory and the asymptotic curve a ---70 given by Christensen's theory. The best results were obtained for O'mIl =25.5 MPa =0.5 O'r.. The relationship O'mIl =0.5 O'n which is physically quite likely, is valid in a reasonably wide range of temperatures (70-190°C).
Conclusion
The numerical simulations run in the case of T300/934 did show an almost unexpected agreement between Schapery and Christensen's models, which appears all the more amazing as they are based on very different approaches of the problem, and thus use different parameters to characterize the material's behaviour. This comparison of the two models allows to determine an approximate value of O'mIl' which can be used in Schapery's model to characterize the stress field inside the "failure zone" and about which no data were available until now.
